Water stress is the most limiting factor in agricultural productivity in arid and semi-arid 15 regions and causes very high losses in crop yield. Regulation of growth and stomatal 16 conductance is the main mechanism by which plants respond to water stress. Pelargonium 17 sidoides is a medicinal plant that grows in South Africa and is used for the treatment of upper 18 respiratory ailments. Cultivation has been considered as a viable means of reducing the 19 pressure on natural populations of this species, but little to or no information is available in 20 this regard. Water and nitrogen supply are two of the most important factors that affect 21 growth and yield of plants. This study therefore aimed at investigating the physiological and 22 morphological response, in relation to growth, of P. sidoides to soil water and nitrogen levels.
Data collection and statistical analysis 144
Leaf area index (LAI) was measured non-destructively, using a LAI 2200 plant canopy 145 analyzer (Li-Cor Bioscience, USA). The instrument uses measurements made above and 146 below the canopy to calculate light interception at five zenith angles, from which LAI is 147 computed using a model of radiative transfer in vegetative canopies. One above canopy 148 reading and four below canopy readings were taken using the 270° view cap; and this was 149 replicated two times in each plot. Plant height (cm) was measured and the number of leaves 150 were counted manually. LAI and plant height measurements were taken on a monthly basis 151 after treatment implementation. After harvesting, the total leaf area per plant was measured 152 with a leaf area meter (Li-3100 leaf area meter, Li-Cor Inc., Lincoln, USA).
154
Stomatal conductance, which is a measure of the rate of passage of carbon dioxide (CO 2 ) or 155 water vapour through the stomata of a leaf, was measured using the SC-1 Leaf porometer 156 (Decagon Devices, USA), on a monthly basis. Stomatal conductance is described as a Data was subjected to analysis of variance (ANOVA) using GenStat® version 11.1 (Payne et 162 al., 2008) . Treatment means were separated using Fisher's protected T-test least significant 163 differences (LSD) at 5% level of significance (Snedecor and Cochran, 1980 Three leaf samples were collected and observed under an electron microscope to observe the 166 stomata, following the method described by Motsa (2006) and Eiasu et al. (2012) . The Nitrogen and water level interaction had no significant effect on the growth parameters 180 measured. Table 4 shows the average LAI, plant height and number of leaves per plant 181 (means across treatments) taken from seven months after planting until 11 months after 182 planting, which was four months after water treatment application. Average LAI, plant height 183 and number of leaves per plant decreased over the growing period across all water treatments 184 (Table 4 ). The results in Figure 1 , further shows that the LAI for the well watered treatment 185 (30% ADL) dropped slightly after one month of water treatment application, but thereafter 186 there were no further significant reductions. The well watered treatment always had a 187 significantly higher LAI throughout the growing period ( Figure 1 ). Though the severely 188 stressed treatment (70% ADL) had the lowest LAI throughout, it was not significantly 189 different from the moderately stressed treatment (50% ADL). A number of studies on 190 different crops have also reported a decline in LAI values due to water stress. In their studies, cases. Nitrogen did not show a significant effect on stomatal conductance. Green and stress of loblolly pine seedlings.
262
The stomatal conductance results, when observed across water stress treatments (Table 5) , 263 showed that it decreased with an increase in the stress. The well watered treatment had a 264 significantly higher stomatal conductance compared to the other two water treatments. The 265 moderately stressed treatment (50% ADL) also had a significantly higher stomatal 266 conductance than the severely stressed treatment (70% ADL). The results on stomatal 267 conductance in this study are consistent with results of work done on other crops. Eiasu et al.
268
(2012) found that rose-scented geranium plants (Pelargonium spp) exposed to water stress 269 had a lower stomatal conductance compared to those irrigated more often. Karkanis et al.
270
(2011) reported that water stress reduced stomatal conductance of velvetleaf by 37 -89%.
271
All the species studied by Galméz et al. (2007) showed a progressive decline in stomatal 272 conductance as water stress intensified.
273
The increase in stomatal conductance observed in month 10 and 11, could have been due to a 274 decrease in vapor pressure deficits (VPD) in March and April 2013 (Table 3) plants was due to the stomata that were partially closed on the abaxial side to fully closed on 287 the adaxial side, as was observed on the leaf samples.
Though stomatal regulation in response to water stress has been a controversial issue for 289 long, it has been recognized that stomatal closure results in a limiting resistance, controlling 290 the flow of water through the plant (Comstock and Mencuccini, 1998) . The mentioned study 291 suggested a simple threshold model where stomatal closure is triggered as leaf water potential 292 reaches a critical stress level. Stomatal closure is thus amongst the earliest responses to water 293 stress, protecting the plants from extensive water loss (Chaves et al., 2003) . Fresh root yield (kg · plant -1 ) followed the same trend as LAI, where water stress 297 significantly reduced the yield ( Table 5 ). The well watered treatment had a significantly 298 higher root fresh yield than the water stressed treatments for both parameters and there was 299 no significant difference between the water stressed treatments. Vandoorne et al. (2012) , in 300 their study on root chicory, found that the mean root fresh yield was lowered by water stress, 301 with a decrease of more than 50%, compared to the control. Fresh root yield of plain leafed 302 and turnip rooted parsley exposed to higher water stress was also significantly reduced 303 (Petropoulos et al. 2008) . Similarly, Darwish et al. (2006) reported that severe deficit 304 irrigation (60% ET) led to a 21% loss in potato fresh yield, due to lowered tuber dry matter 305 production and average mass of the commercial tubers. 
